Assessment of the Vulnerability Potential for an Unconfined Aquifer in Konya Province, Turkey by Nalbantcilar, M. Tahir
Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)
Interested in publishing with us? 
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com
Open access books available
Countries delivered to Contributors from top 500 universities
International  authors and editors
Our authors are among the
most cited scientists
Downloads
We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists
12.2%
122,000 135M
TOP 1%154
4,800
21 
Assessment of the Vulnerability Potential for an 
Unconfined Aquifer in Konya Province, Turkey 
M. Tahir Nalbantcilar 
Batman University, Geological Engineering Department, Batman 
Turkey 
1. Introduction 
Only two to three percent of total water on earth is fresh water, and groundwater constitutes 
a significant portion of the fresh water resources. This scars and fragile resource is under the 
risk of degradation in both quality and quantity in many parts of the world.  
Three major activities cause large quantities of human and industrial waste disposals, and 
hence, pose serious threat to the groundwater resources. The first of these activities is 
excessive use of fertilizers, pesticides and automation in agricultural areas. The second one 
is unregulated discharge of natural and artificial chemical substances to the environment. 
Finally, excessive pumping and improper management of aquifers result in reducing the 
pumping potential and degrading the water quality.  
In order to mitigate the influence of such detrimental effects, precise delineations of  
the aquifer system and of the hydrogeological setting in concern areas are of primary 
importance. In those areas, vulnerable to such adverse environmental problems,  
two types of remedies have been proposed. The first type is called the reactive approach 
which involves aquifer remediation after the contamination occurred. The preferred 
proactive approach, on the other hand, calls for taking the necessary measures before  
the contaminants reach the groundwater surface. The reactive method of aquifer 
remediation suffers from unsatisfactory results since it is impossible to obtain 100% 
purification. 
The proactive method mainly involves identifying the pollutant source at an early stage and 
assessing the potential danger it poses to the ground water system. Geographic Information 
System (GIS) has been proven as an effective tool for this purpose. As in this research, 
Chitsazan and Akhtari (2009) and Awawdeh and Jaradat (2009) determined the risk of 
pollutants to contaminate the groundwater, with the help of GIS. In recent years the increase 
in the popularity of applying environmental criteria in national planning and management 
has provided a wide range of scientific approaches to determine the best location of 
hazardous wastes to be land filled (Abessi and Saeedi 2009).  
This method is applied in many countries, such as Palestine (Baalousha 2006) Ethiopia 
(Tilahun and Merkel 2009) Tunisia (Saidi et al 2009), both to determine the suitable solid 
waste areas and to dispose other contaminants. For example, it is a preliminary assessment 
of the possible environmental impact of a proposed landfill facility for the city of Jammu 
City in India (Nagar and Mirza 2002). The researches on aquifer vulnerability is increasing 
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day by day in Turkey (Nalbantcilar et al 2009, Sener et al 2009, Pusatli et al 2001) and that 
shows this research area is inevitable.  
This work presents the results of a study carried out for the assessment of ground water 
contamination due to a solid waste deposition side near Konya, Turkey. The well-known 
DRASTIC model (Aller et al 1987) has been employed to prepare ground water vulnerability 
maps in an unconfined aquifer near Konya, Turkey. This aquifer supplies most of the water 
needs of Konya for municipal drinking and irrigation. DRASTIC utilizes a technique of 
developing seven layer hydrogeological maps consisting of depth to ground water, net 
recharge, and soil and aquifer units, topography, influence of vadose zone and hydraulic 
conductivity. The overlaying DRASTIC index map indicates the vulnerability degrees at 
various parts of the aquifer system. 
Application of the DRASTIC index map to the unconfined aquifer of Konya city indicated 
high degree of vulnerability to contamination at the central part of the aquifer. The 
vulnerability map was compatible with the distance from the waste disposal site. Finally, 
this work also showed that while GIS is useful for over laying the hydrogeologic setting 
maps the DRASTIC model is useful for aquifer preservation.  
2. Groundwater pollution in solid waste disposal area 
The solid waste disposal site of Konya stores different types of domestic, industrial, medical 
wastes and so on. During winter and spring, the rainwater may wash out some of these 
waste materials, and carry them down to ground water system as it seeps through soil and 
rock layers. The main contaminants are Al, Cr, Fe, Li, and Zn. This study has attempted to 
quantify the variations/increases in concentrations of such elements in the regions’ 
groundwater bodies. Mixing of the contaminant loaded rain water with the groundwater 
may result in significant reduction of the ground water quality.  
2.1 Pollution control 
In the following, we will present the results of pollution control studies in an area having 
been used for sewage disposal site over 35 years in Konya.  This site has an area of 
approximately 300,000 meter square with an intake of 350,000 tonnes of garbage annually 
(Fig. 1). In order to monitor and characterize the ground water pollution caused by solid 
waste disposal site in Konya, a large number of ground water wells have been sampled 
from representative parts of the unconfined aquifer for a period of two years. 
The main geological units or which the disposal site lays are called Sakyatan formation 
which is a unconfined aquifer with a significantly high permeability (Hakyemez et al  
1992, Nalbantcilar 2002, Nalbantcilar and Guzel 2006, Nalbantcilar and Ozdemir 2009 and 
2010).  
The data having been collected over 50 years by Meteorology General Directorate indicate 
that this area receives 326.5 millimeter annual average precipitation. Such a rate of rainfall 
can wash out significant amounts of contaminating ions carrying them down to the ground 
water table. In order to quantify the degree of pollution, the monitoring wells were selected. 
This monitoring showed that they were in line with the ground water flow direction from 
the disposal site towards downtown Konya (Fig. 2). In situ conductivity values were 
measured in each of the wells, water samples were collected at specific periods and their 
chemical analysis was performed in the Selcuk University labs by ICP-AES.  
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Fig. 1. A view from the solid waste area of Konya before rehabilitation. 
 
 
Fig. 2. Groundwater table map (in meters) and flow directions with solid waste area 
(Nalbantcilar and Ozdemir 2010).  
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Fig. 3. Distribution maps of conductivity of the water samples and Cr, Al, Ca, Fe, Li, Ni and 
Zn concentrations (mg/lt) (Nalbantcilar and Ozdemir 2010). 
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The concentration maps concluded  that Cr, Al, Li, and Zn were in high concentrations in 
the South Eastern part of the study area, Fe, Ni concentrations were more pronounced in the 
central parts and Ca concentration was dominant in the Southern part. As for the specific 
local values, well-33 had Ca, Li, and Al, well-32 had Zn, and finally well-34 had Ca, Fe, and 
Ni as their highest concentration contaminants. 
Such findings lead to the conclusion that especially Al and Zn concentrations in the ground 
water were closest to the disposal site and declined proportionally with the distance from 
the site. Based on the main conductivity measurement and water sample analysis data, 
concentration contour maps were prepared for each of the elements (Fig. 3). 
3. Drastic method/gis and assessment of contamination 
The DRASTIC method developed by US Environmental Protection Agency (EPA) has 
proven to be a useful tool for assessing ground water contamination potential. The method 
depends on utilizing seven hydrogeologic parameters: Depth to water table, net Recharge, 
Aquifer media, soil media, Topography, Impact of the vadose media, and hydraulic 
Conductivity of aquifer. These perimeters are transferred to GIS media as separate layers. 
Finally at the bottom, the drastic layer is formed as an integrated summary layer (Fig. 4). 
 
 
Fig. 4. Technique of DRASTIC with GIS layers (Nalbantcilar et al 2009). 
DRASTIC is a numerical ranking system to assess ground water vulnerability in various 
hydrogeological settings.  It is based on generating GIS layers for each of the seven 
hydrogeologic parameters and at the bottom, most layer is developed as the integrated 
DRASTIC layer. Each layer is assigned as a relative weight factor ranging from 1-5.  The 
most significant factors have weights of 5 (Depth to water table and Impact of the vadose 
zone media), 4 (Net Recharge), 3 (Aquifer media and hydraulic conductivity), 2 (Soil media) 
and the least significant have weights of 1 (Topography). 
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The DRASTIC layers prepared for Konya in Figure 5 show that when the unconfined aquifer 
falls into DRASTIC categories of 1-2, it indicates low vulnerability and at 7-8 and 9-10, it 
indicates high vulnerability. 
 
 
Fig. 5. The DRASTIC index map of the study area. 
4. Results and discussions 
An extensive sampling and in situ conductivity measurements of a large number of water 
wells have been carried out in the study area. Based on this data, the elemental 
concentration contour maps showed that the solid waste site has adversely influenced the 
ground water quality severely, contaminating the nearby zone. The contamination will get 
worse unless proactive precautions are undertaken. Therefore, the present situation poses 
serious threat to groundwater resources of Konya. The drastic map and the current city 
development plans with the present solid waste sites show that ground water resources are 
at great risk of contamination.  
DRASTIC has proven to be a useful tool for evaluating vulnerability of Konya aquifers as 
well. Thus monitoring, an evaluation by GIS must continue in the future in this area. In 
addition, aquifer management techniques must be employed diligently.  
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